80% sequence identity to ␣-transducin, which is ex-
The genomic organization of T2Rs is reminiscent of odorant receptors, which are clustered in tight arrays on Indeed, an altered preference for monosodium glutamate was noted in mGluR4 knockout mice (Roper et al., several chromosomes (Mombaerts, 1999) . In addition, T2Rs bear structural homology to olfactory receptors, 1997, Soc. Neurosci., abstract), but the significance of these findings awaits the analyses of taste mGluR4-as well as to the V1R vomeronasal receptors and opsins, which, unlike the T1Rs and taste mGluR4, have very specific knockouts.
Is taste mGluR4 the only umami taste receptor? Sevshort N-terminal regions (Mombaerts, 1999) ( Figure 1C ). T2Rs show 30%-70% sequence identity to each other, eral compounds in addition to glutamate elicit an umami taste, including 5Ј-ribonucleotides and disodium guawith most of the divergence in the extracellular loops, where ligand binding is expected to occur. In this regard, nylate. Whether these compounds bind to taste mGluR4 or a different receptor remains to be determined. Surit is of interest that bitter compounds are structurally diverse, and thus a variety of different bitter receptors prisingly, taste mGluR4 shows structural similarity and approximately 27% sequence identity with the putative may be required for their detection. In situ hybridization experiments showed that T2Rs taste receptor proteins T1R 1 and T1R 2 , cloned last year by the Zuker and Ryba groups (Hoon et al., 1999) . These are expressed selectively in small subsets of taste receptor cells in all taste papillae. Of considerable interest, two GPCRs, which share 40% sequence identity with each other, are structurally similar to the V2R class of T2Rs are expressed exclusively in the set of taste cells that also expresses ␣-gustducin, suggesting that T2Rs vomeronasal receptors as well as the metabotropic glutamate receptors ( Figure 1B) . The possibility that the couple to gustducin. Approximately 70% of the gustducin-containing taste cells in circumvallate and foliate T1R receptors are related to taste mGluR4 should not less, the mutant receptor shows an 8-fold decrease in sensitivity to cyclohexamide, providing strong evidence individual taste cells express multiple T2Rs, and that a T2R-expressing taste cell should be competent to that mT2R5 is the cyclohexamide receptor. Importantly, they have also demonstrated that these receptors, respond to many bitter compounds. One would predict from this finding that only a small number of nerve fibers which are colocalized with ␣-gustducin, do indeed activate this ␣ subunit. It will be important to functionally would be responsive to the bitter stimuli that activate gustducin (Ming et al., 1998) and that a single nerve fiber characterize the remaining putative bitter receptors. Although it is likely that all T2Rs will respond to comwould respond to all of those stimuli. This prediction, however, is not supported strongly by the literature (Dahl pounds humans perceive as bitter, there is structural similarity between several bitter and sweet-tasting comet al., 1997). Quinine, for example, stimulates many more fibers than denatonium, and single nerve fibers that repounds, and many synthetic sweeteners have a bitter aftertaste. Thus, it is possible that some T2Rs could spond well to one compound do not necessarily respond to all other compounds that activate gustducin. Thus, respond to stimuli that elicit qualities other than bitterness. additional mechanisms for bitter taste must exist. This is supported by the observation that the gustducin With the cloning of the gustducin-linked bitter receptors and recent studies from other labs, a picture is knockout mice retain some sensitivity to bitter compounds, implying that the additional receptors are not emerging of the steps involved in gustducin-linked bitter taste transduction (Figure 2) . It has been known for sevlikely coupled to gustducin (Wong et al., 1996) . In addition, transduction mechanisms that do not involve eral years that the bitter compound denatonium elicits decreases in cAMP as well as increases in inositol trisGPCRs have been described for several bitter stimuli, including quinine. phosphate (IP 3 ), leading to a release of Ca 2ϩ from intracellular stores. Previous studies by the Margolskee lab Of course, assigning bitterness sensitivity to T2Rs requires their functional characterization, either by geshowed that the decrease in cAMP is produced by the ␣-gustducin-mediated activation of phosphodiesterase netic means or by expression in heterologous cells. In the Cell paper, Zuker, Ryba, and colleagues (Chandra-(PDE). However, until recently, the source of IP 3 remained elusive. The source of IP 3 is now known to be shekar et al., 2000) describe the functional characterization of three T2Rs: mT2R5, hT2R4, and mT2R8. To phospholipase C-␤2 (PLC-␤2), since antibodies specific for this isoform of PLC inhibited the increase in IP 3 inachieve efficient targeting to the membrane in heterologous cells, they generated chimeric receptors in which duced by denatonium (Rossler et al., 1998) . This isoform of PLC can be activated by G protein ␤␥ subunits. The the first 39 amino acids of rhodopsin were added to the N terminus of T2Rs. These rho-T2Rs were coexpressed
Margolskee lab now has identified the ␤␥ partners of gustducin, G␤3 and a unique ␥ subunit, G␥13 (Huang et al., 1999) . These subunits colocalize with ␣-gustducin in taste buds and appear to mediate IP 3 production in response to denatonium, since antibodies to ␥13 blocked the IP 3 response. The one piece of the puzzle that is still missing is the downstream target of the decreased cAMP. Both cyclic nucleotide-gated and cyclic nucleotide-suppressed channels have been identified in taste cells, but their role in bitter taste transduction is not clear. Interestingly, PLC-␤2 can be inhibited by cAMP-mediated phosphorylation in other systems (Liu and Simon, 1996) . Thus, a possible role of ␣-gustducin may be to regulate the sensitivity of the IP 3 pathway.
With the identification of the G protein-linked receptors for umami and bitter taste, one important group of taste receptors remains to be discovered-those for sweet compounds. Since ␣-gustducin is also implicated in sweet taste transduction (Wong et al., 1996) , it is tempting to speculate that the gustducin-positive taste cells that do not express T2Rs might express sweet receptors. The sac locus in mice (Lush, 1989) , where sensitivity to sweet compounds maps, may be a fruitful area for the next generation of taste receptors.
